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Abstract 

This report describes work done as part of the Weather Datalink Research project grmt 
number NAG3-2385. We describe the work done under Task 1 of this project; the assessment of 
the suitability of available reports and data for use in evaluation of candidate weather datalink 
systems and the development of a performance parameter set for comparative system evaluation. 
TZ fZnd that existing data and reports are inadequate for a complete physical layer 
characterization, but that these reports provide a good foundation for system comparison. In 
addition these reports also contain some information useful for evaluation at higher layers, 
performance parameter list compiled can be viewed as near complete-additional mvestigabons 
Lth analytical/simulation and experimental, will likely result in additions and improvements to 

this list. 


I. Introduction 

In this report we describe the results of our investigation regarding candidate datalink 
systems for use 1 the dissemination of weather information in the future cwil aviation 
environment This report addresses the first of two tasks under this project: the project 

eZe^l/^er Da Jink Research, grant NAG3-2385. The first task, denoted Task 1 was 
aimed at characterization of the datalinks through the use of existing data and reports^ The g 
was to make use of available experimental data, in contrast to studies that have relied primarily 
on analysis and system design descriptions. Task 2 . f 

characterization of one candidate system: Very High Frequency Digital Link Mode 2 (VDL ) 
via bench and flight testing. Task 1 has been divided into two subtasks as follows. 

(1) Assessment of the applicability of existing data and reports for perfomancc eyalmition 
of potential systems for weather datalinks. An example ^t of data is he Safe 
Flight (SF) 21 Ohio Valley (OV) Automatic Dependent Surveillance-Broadcast (ADS-B) 
tesfdata [1]. This assessment would aim at the future task of sorting and processing the 

data in a fair, comparative evaluation. . 

(2) Development of a set of comprehensive performance parameters to use m the 

evaluation. 
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Tr r;aft 

communicate am somSm^Z^^ simply, radios. 

m air-to-air ^ systems that do not include any satellite components 

These systems are terrestrially-based systems md 

f 9 i TVip svstems that we consider are listed in table 1. . ^ , *u 

explicitly L^J. ine systems ludi w limited our investieation to these three 

systems listed in «le a!^:a''r;^— datl These first three 

systems because candidate systems for use in Automatic Dependent Surveillance— 

^dTainADlBlt; the experimental data we have was primarily data taken to evaluate th.s 

service. 


Table 1. 
System 


r.ndidat e Datalink Systems Con sidered for Weather P^talte 
— 1 Comments I Snectrum 1 MOF 


Very High 
Frequency Digital 
Link (VDL) 

Mode 4 (VDLM4) 
Universal Access 
Transceiver (UAT) 

Mode-S Squitter” 
(MSSq) 


Primary 

System 

Developer 


Swedish CAA 


MITRE 


MIT Lincoln 
Laboratory 


.ArNav;- 








Regulatory challenges 
for US acceptance. 


Being used in FAA 

Capstone (ADS-B) 

project . 

Communications is 

secondary to radar 

functions, thus 

limiting data capacity 
— ^ 


Spectrum 
Currently 
Available 
7 


No 




voi<»- ' ■■ ■■' " 


Yes 






. ' ' sixS.*; ; , ri'i.- ■ !■ 


t -5 . , r . , 


MOPS/ 
MASPS? (in 
process or 
under 
development) 
Yes 


No 

(may be 
init iated soon) 
Yes 






■' 'tUErO'' 


It: sr^V'T 


1 U A- ‘“inprtrnm Available'^” refers to the current status of frequency allocation 
81^ The column heading “MOPS/MASPS” refers to the presence or absence 

of current standardization efforts. 
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All evaluations were aimed primarily at physical layer (PHY) processes, =>‘8°*'™ 
hardwa— e designs. Yet even iSr 

partitioned International 

^eS^riircon'™ «’e datalink control (DLC) and medium access control (MAC) 

sublayers. rnotf n<;p nf existine data, and avoid duplication of 

gaps could be the subjec body of knowledge regarding the candidate systems and 

of r “ lS^”tel“ gave us a beUer 

for weather dissemination in the future NJmnalA^^ *e'Tystems from a physical layer 

TtbTi wfpiT":;irsome 

Inclusion of additional candidate systems 

is planned as more information is determined that the biggest gaps in 

Throughout * ® j physical layer characterizations of the candidate systems. The 

information f f . I^.i^ariw system design information. It enables performance 

information listed m Table 2 is p Y Y . , does not provide such 

estimation, either by analysis performance results will depend not 

performance results itself. In additio , > ultim^ely specifies the system transmitter, 

only upon the waveform, or signa -in-sp , detailed information is 

but also upon the receiver design choices. Some p^^^^ed. Other 

proprietary to the system developers an performance of each system in the 

-r either ’use simulations, or srmula.ions combmed 

"''•■“AtSof course appl.es to dresys^m^^^^^^^^^ 

and not the actual implementations^ We o ^ University Applied Physics Laboratory 

(JHU-APL). The JHU AFL aaia datalink layer simulations for assessment of 

?:“s;em°st ^erloS-B^ Thus, even this characterization is incomplete. These and 

riLr,!‘'irwT"oS^^^ 

development of the set of has dirLt impact on the first parameter set 
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Table 2. Summary Parameter & Feature List for the Three ADS-B Candidate Datalinks. 

Parameter MSSq' VDLM4 ' IJAT 

Frequency Band 1 090 MHz 108-137 MHz 960 - 1215 MHz 

# Channels 1 2 signaling (global) 1 or 2 local 1 
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Parameter MSSq ^ VDLM4 XJAT 

FEC Method None None Shortenend RS 

Error Detection ~ 24 bit parity (6 x 1 0'*^) ~ 16 bit parity (1.5 x 10'^) 24-bit CRC (6 x 10'’^) 

% overhead/slot 26.7(counting user address as 1 5 .7(counting user address as data) 3 1 (counting user address as data) 

data) 25 (not counting user address as data) 
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II. Performance Parameters Used for Candidate System Evaluation 

We note again that we have focused this set of performance parameters on the physical 
layer, but that inevitable intersections with DLC and MAC sublayers arose. The performance 
parameter list was originally conceived as a “wish list,” in that we listed as many parameters and 
characteristics that we thought we would, ideally, like to have for comparisons among systems. 
(As the investigation progressed, this list expanded further.) In a later section of this report we 
provide another version of the parameter set that constitutes a version closer to a final one. We 
note that this second list may not ultimately be the final one, since information is continuing to 
be gathered, and since additional insight is gained from the experimental investigations of 
Task 2. We provide both of these lists in order to illustrate the evolution of understanding 
regarding the systems, and to indicate what a comprehensive characterization would contain. 

In deriving the initial performance parameter set, we relied first on traditional measures of 
system performance such as bit error ratio (BER) versus signal-to-noise ratio (SNR). These are 
quantifiable measures, but they do still require precise definition. For example, the BER may be 
that of a particular message block, before or after error correction/detection; and, the point in the 
receiver chain at which the SNR is defined must be precisely specified. Nonetheless, these types 
of measures and characteristics are well understood and provide a foundation for experimental 
tests and equipment evaluations. We also obtained some performance parameters directly from 
the many references we consulted throughout the effort on Task 1 . 

In contrast to these quantitative PHY types of characteristics and parameters, there are 
those that are of a more qualitative nature. One example is technical maturity. These qualitative 
characteristics are of vital importance, but can be evaluated with less precision than the 
quantitative parameters. 

Also of importance in devising the parameter set, and in Task 2, is the review of the 
requirements of the datalinks. These requirements are available in several sources, and apply to 
various levels of system design. From a broad communications perspective, some characteristics 
that are nearly universally desirable are the following: 

■ Message integrity: low probability of error Pe, and very low P(undetected error) 

■ Small latency: this depends upon the message priority as well as the PHY processing 

■ Low complexity: avionics must be inexpensive to gain wide acceptance, particularly in the 

case of general aviation 

■ Robust: primarily to in-aircraft/groundsite interference, and potentially multipath 

propagation 

All these characteristics are rather high-level characteristics, and of limited use by themselves. 
They are though useful for classification purposes, and helped in the formation of the initial 
parameter set. The requirements for weather dissemination datalinks are laid out in [2]. In this 
report, and its accompanying database, some specific physical layer requirements are delineated, 
for a large number of different conditions (link type, phases of flight, type of aircraft, etc.). 
These requirements were gathered from a variety of sources, and encompass an enormous 
number of different message types and characteristics. (For example, 202 different message 
characteristics are listed in the database under the “Query Message Characteristics” option.) The 
mapping of requirements to datalink candidate systems was performed as part of this work [2]; 
an additional review of all these requirements and a comparison of them to the capabilities of 
candidate datalinks remains as a significant future task. 
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In Table 3 we present the initial performance parameter set. The column heading 
“Measurable?” refers to whether or not the parameter or characteristic can be measured, not if 
measurement is simple, or even possible for a specific set of equipment. We note that a 
comparison according to this table would provide a “first-round” evaluation of the candidate 
systems, and it would likely raise additional questions and areas for investigation. As noted, we 
revisit this table subsequently, after a discussion of the sources of information in the next section. 
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Table 3. Initial Version of Performance Parameter Set. 


Parameter or 
Characteristic 


1. Ph vs. SNR 


2. Pi vs. Interference 
Co-Channel (CCI) 
Adjacent Channel (AC I) 
(several types for each) 


3. P message VS. SNR 


4. P.sync Vi. SNR 


Qualitative 

(L)or 

•Quantitative 




Layer 


Measurable? 

(Y/N) 


5. Bandwidth 


6. Out-of-band 
emissions, transients 


7. RF Link: Noise 
Figure 


8- RF Link: Ptrammi 


9. Ph vs. Multipath 


Gomments 


Pfy = bit error probability, 
available by analysis for 
some schemes. An estimate 
of Ph is BER. 


Naturally, interference can 
take many forms. Most 
pertinent is interference of 
the forms typically seen 
in/near the system operating 


Often measured is the % 
messages correctly received, 

Pntc^ Ptuessa^c = l^PnJ100_ 


P.svnc = probability of 
achieving correct 
synchronization. There exist 
several levels of 
synchronization (carrier, bit, 
frame, etc.) for each system. 


Several measures of 
bandwidth are relevant: 
B(x% power), B(’y dB), etc., 
with typical values of 90, 99 
for X and 20, 30, 40 for y. 
Allocation of spectrum is 
most critical. 


Out of band emissions are 
related to bandwidth and 
regulatory spectral masks. 
Transients can be 
characterized in both time 
and frequency domains. 


This is a hardware 
parameter, specified by the 
equipment manufacturer. 


This is a hardware 
parameter, specified by the 
equipment manufacturer, but 
also easily measured. 


NO typical or worst-case 
channel multipath profiles 
exist. An area for research? 





















Parameter or 
Characteristic 


Qualitative 

(L)or 

Quantitative 


Layer 


Measurable? 

(Y/N) 


10. Rh (bps, messages/s) 

# 

PHY/DLC 

/MAC 

1 1 . Rx Complexity 


PHY 

Detection (C/NC) 

L 

Synchronization 

LJ 

PHY 

RF HW, BB proc 

L, #? 

PHY 

Tech Maturity 

L 

PHY/DLC 

12. Tx Complexity 


PHY 

Synchronization 

L 

RF Tx Cost 

L, (relative #) 

PHY 

BB Proc 

L, #? 

PHY 

13. Capacity 

L,# 

PHY/DLC 

/MAC 

14. Adaptability 

L 

PHY/DLC 

15. Security 


PHY 

AJ/A-spoof 

L 

Diversity 

L, # 

PHY 

ARQ 

L,# 

DLC/MAC 

16. Spectrum 
Availability 

L 

PHY 

17. Integration 

L 

PHY 



Comments 


PHY Rh is well-defined. 
DLC/MAC Rf, must account 
for protocols, which may 
require several assumptions. 


Complexity can be 
quantified in some cases, 
e.g., BB processing 
complexity is quantifiable by 
required processor FLOPs. 

Same comment as in Rx 
Complexity applies. RF Tx 
cost dominated by power 
amplifier cost, which 
increases with operating 

freq. 

For PHY, capacity is mostly 
quantifiable, but does require 
assumptions. System 
capacity requires that higher 
layer characteristics be 
incorporated. 


Adaptability in terms of Rh, 
Ptx. etc. 


Most candidate systems have 
not designed in security 
measures at PHY. Diversity 
& ARQ are more ‘‘integrity” 
t han security techniques. 
Mostly a regulatory issue — 
often the hurdle of finding 
“new” spectrum drives 

t echnical choices. 

Manufacturers will naturally 
design for ease of 
integration; adding antennas 
to aircraft is undesirable. 
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III. Findings from Existing Reports 

In this section we summarize the findings from the majority of the sources we have 
consulted. We briefly describe what each source contains, and whether or not it is indirectly or 
directly useful for evaluating the candidate systems. 


A. Ohio Valley Safe Flight 21 Test Data 


This data was taken during “Operational Evaluation Phase I’ for the ADS-B systern 
candidates in July 1999 [1]. The flight tests were designed to evaluate the operational 
effectiveness of ADS-B, primarily for surveillance purposes. Thus, the test results do not 
specifically address the communications capabilities of the candidate systems. , . , . 

Two compact disks (CDs) were provided from Johns Hopkins University-Applied Physics 
Laboratory The first CD contained html files of the Ohio Valley (OV) ADS-B test data 
compiled and processed by JHU-APL. The second contained much (possibly all) of the “raw 
data” that was recorded from ADS-B transmissions during the day of SF 21 testing. 

The first CD contains different types of graphics for both UAT and MSSq; 

■ Plots of the plan view of the area, showing main cities, and/or local flight paths of most 

aircraft involved in the tests, . 

■ MASP histograms for the time between received ADS-B updates at a specific receiver for 
targets (transmitters) in a specific range category. The histogram domains range from 0 
seconds to approximately 3.6 seconds. These histograms essentially provide an empmcal 
probability density function for the time between received ADS-B updates, 

■ Percent of messages received correctly vs. range, with altitude a parameter. 


■ Range versus time plots. 

The graphics are available for up to twenty-five aircraft, many of which flew during all three 
sessions (morning, afternoon, and evening). 

For the OV tests, only UAT and MSSq data were taken; the VDLM4 systems present were 
inoperable due to interface problems between radios and radio control devices. The type an 
accuracy of the data varies slightly between the UAT and MSSq systems. As an example, the 
“raw data” taken for MSSq included items listed in Table 4. This data is that logged at an 

aircraft receiver. 
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Table 4. Recorded Data and Descriptions for OV Flight Tests of Mode-S Squitter/ 


Data Recorded 

Description 

Rec# 

number (i.e., count) of the recorded message 

ICAO Address 

unique identifier for the transmitting aircraft 

Updated Flags 

?? 

Latitude 

Latitude of transmitting aircraft according to ADS-B message 

Longitude 

Longitude of transmitting aircraft according to ADS-B message 

Altitude 

Altitude of transmitting aircraft according to ADS-B message 

NS Velocity 

North-South transmitting aircraft velocity according to ADS-B message 

EWVelocity 

East West transmitting aircraft velocity according to ADS-B message 

SigLevel 

Signal level as estimated via the receiver 

MsgCount 

aircraft-specific counter for messages sent 

ErrCorrectCount 

measure of message integrity, via error detection algorithm 

ShrtSquittCount 

?? 

TimeStamp 

Time the message was sent, as per GPS at the transmitting aircraft ! ! 

GPSTime( 1999-07- 10) 

Time the message was received, as per GPS at the receiving aircraft 


For our purposes in evaluating some of the physical layer characteristics described in 
Table 3, this data is inadequate. As an example, to assess the very first characteristic in Table 3, 
Ph versus SNR, we would need more error rate information than is provided by the 
“ErrCoixectCounf’ data recorded. This is because first, this indicator applies to message errors, 
and not bit errors; and second, the SNR values available are not sufficiently precise. (We could 
translate from bit errors to message errors, but this would likely involve bounds (inequalities) 
and not exact equations.) Instead of bit error probabilities, the recorded data on message errors 
could of course be used in message error probability characterization, as in characteristic number 
3 of Table 3. Yet additional information is still required, namely that of accurate SNR values. 
The recorded “SigLevel” is only a rather coarse estimate of the received signal power its 
accuracy is not known by JHU-APL, and for UAT, was not calibrated for the SF 21 tests [3]. 
Another means of determining this received signal power is via a link budget, but there are gaps 
in the data in regard to constructing an accurate link budget. To illustrate this, we provide a 

simple link budget description. . 

The digital version oi SNR is the ratio Eb/No, where Eb - energy per bit, and No - ettective 
noise spectral density. A better term for the noise density of interest is actually No.efj, the 
effective noise density that accounts for excess receiver and external noise in addition to pure 
thermal noise. We have Eb = pA where is the received power and Rb is the bit rate in bps. 

In dB, 


Ti' — P — R 

^b,dBxlHz “ ^r,dlix ^b,dB-Hz 

where the jc subscript denotes the absolute power units being used, e.g., m for dBm, W for^BW, 
and RbdB-Hz = lOlogio(Rb)- The effective noise spectral density No,eff = kTf„, where kT-No is 
equal to the thermal noise density {k is Boltzmann’s constant and T is the receiver noise 


' Note: Two of the rows in column 2 are lacking entries. After repeated contacts, we were unable to obtain any 
information from MIT Lincoln Laboratory regarding Mode-S Squitter and the SF 21 testing. 
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temperature, typically taken as room temperature of 290 K), an.df„ is the receiver noise figure. 
Thus in dB, 


^Oeff,dBx/Hz ~ ^O.dBx/Hz ^n,dB ’ ^ ^ 

with F„,dB = 10logio(fn)- (Note that f„ should account for both receiver and external noise.) 
Combining equations (1) and (2) yields an expression for the SNR Ei/No, 

/ A^o)dB “ E^.dBx ~ Ej, ~ Nfj jgjiifjj F^ dB • 

Since we do not have a precise value for received power, to complete the link analysis requires 
an expression for received power given transmitter power, channel gain, and some additional 
parameters. The received power is computed as follows: 


where the quantities in (4) are defined as 
Pt,dBx = transmitted power in dBx 
Gt,dB = transmit antenna gain in dB 

LfsdB — free-space path loss, dB, equal to 20logio(47vd/X), with i/= distance, A, = wavelength 
LexjB = excess loss, dB, due to atmospheric effects such as absorption, scattering, etc., and 
to electromagnetic propagation effects such as multipath propagation and diffraction 
Gr.dB = receive antenna gain in dB 

[Note: Accounting for the propagation component of Lex.dB requires additional calculations to 
determine elevation angle and potentially terrain diffraction in specific cases. The approximate 
values of this propagation component can exceed 20 dB, which is an unacceptably large value 
for accurate link calculations if unknown.] 

Combining (3) and (4) yields the desired result: 

/ Nf^'^gg P/^dBx ~^G{ dg ^/s,dB ^ex,dB ^Gf^jg Rb,dB—Hz ^0,dBx/ Hz n,dB ( ^ 

We address the terms in (5) one at a time. First, the terms for which we have good 
estimates: 

■ The transmit power Pt,dBx-> while not explicitly listed in the data recorded, should be 
obtainable. It was constant for each transmitter used in the SF 21 tests. 

■ From the data recorded in Table 3, we can compute the quantity Lfi,dB with good accuracy 
from the latitude/longitude/altitude information, combined with the same type of 
information from the receiving aircraft. Since this information was derived from GPS, 
even GPS errors on the order of 100 m (95% confidence level) translate to negligible 
effects (fractions of a dB) on L/sjb when distances between aircraft are beyond a few 
kilometers. 

■ For VHF and UHF frequencies, the excess loss Lex.dB due to atmospheric effects is 
negligible, but the loss due to propagation effects can be significant, as noted. These 
effects are typically time-invariant, and deterministic, but must be accounted for in each 
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case (for each link). This was not explicitly done for the SF 21 tests, and so the 
propagation component could only be estimated, with questionable accuracy. 

■ We know Rt.dB-Hz for each system. 

■ We know No,dBx/Hz for each system. 

The quantities that we do not have are the following: 

■ Transmit antenna gain Gt,dB 

■ Receive antenna gain Gr,dB 

■ Receiver noise figure F„ dB- 

The antenna gains have “typical” values, but these values vary considerably (several dB) with 
aircraft orientation, and this effect was not accounted for in the recorded date. Note that for 
ADS-B evaluations, antenna gains are planning to be modeled as Gaussian (or truncated 
Gaussian) random variables for any given orientation [4], with a (mean,variance) to be 
determined. (Tentatively, a standard deviation of <r = 3 dB was proposed.) Noise figures for the 
receivers alone might be available from manufacturer specifications, but the on-board “excess 
noise external to the receiver is not known. Without these quantities, accurate assessments of the 
signal to noise ratio Ei/No, and hence its relation with error probabilities, simply cannot be made. 

Similarly, many of the other PHY characteristics of Table 3 cannot be accurately 
determined from the OV data. (We note that data taken by Ohio University during the SF 21 
tests is also available, and represents a subset of the JHU-APL data. The OU data is of the same 
form as the JHU-APL data and hence has the same shortcomings.) Some assessments of the 
more qualitative characteristics may be able to make use of this date, but these characteristics 
(e.g., receiver complexity) are more easily addressed using other information contained in other 
sources. These sources are the subject of the remainder of this section. 


B. NASA Glenn Advanced Air Transportation Technologies (AATT) Task Order 24 Report 

This report [2] is an in-depth review of candidate datalink systems for weather 
dissemination at a “system” level. It is a thorough analysis of the requirements and relationships 
among systems for two target dates: years 2007 and 2015. It contains no actual test data or 
results. Thus, it will not provide information to characterize the systems according to all the 
measures in Table 2. The summaries of candidate datalink systems included in this report have 
been used in comparing parameters and features of the systems, as in Table 2, and will be of use 
in helping evaluate some of the qualitative performance measures. 


C. Operational Evaluation Coordination Group, Phase — I Operational Evaluation Final Report 

This report [5] contains a reasonably detailed summary of the SF 21 ADS-B testing frorr* 
July 1999 It made use of the same data as discussed in subsection A above, and in addition 
collected survey data from test participants (pilots, controllers) for assessing various human 
factors aspects of ADS-B effectiveness. 

The goal of this evaluation was much broader than that of a simple assessment ot the 
performance of the various links. Flight crews were observed by trained observers. These 
observers gathered information used in assessing the usefulness of ADS-B, for example in its 
ability to enhance visual “see and avoid” procedures. Controllers were also observed by trained 
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observers. Evaluations of the effectiveness of Cockpit Display of Traffic Information (CDTl) 
were gathered from questionnaires and voice tapes. The report also evaluates other systems such 

as radar tracking systems. j 

Datalink analysis in this report is minimal. The report actually refers to the data collected 
by JHU-APL (see subsection A above). Mention is also made of simuladons used to ^^sess 
performance The report describes development of link simulations m conjunction with bench 
and flight tests, and notes that “The data give an indication of Extended Squitter and UAT 
message error rate performance versus range for some specific scenarios/aircraft geometries an 
background noise environments.” Naturally the test results can be used *6 

simulations, and this is in fact planned. From comraumcations with one of the JHU-APL test 
engineers 16], we have found that the characterization of the candidate system link p^fomance 
at the physical layer is incomplete, and will serve mainly to provide inputs to a DEC layer 
simulation. The report notes that the datalink evaluation being done at JHU-APL is scheduled 
for completion in December 2000. The report also refers to an interim report of the ADS-B Link 
Evaluation Team, which is discussed in the next subsection. 


D. Safe Flight 21 Technical/Certification Subgroup, ADS-B Link Evaluation Team, Phase One 
Link Evaluation Report; Status and Initial Findings 

This document [7] contains descriptions of the three ADS-B candidate ^sterns; UAT, 
Mode-S Squitter, and VDLM4. The descriptions are detailed, and address the PHY, DLC, MAC^ 
and sometimes higher layers. Many system parameters are also often provided. The ADS-B 
Link Evaluation Team based its evaluation on a set of technical performance criteria den 
from several sources (e.g., RTCA MASPS). Some of these performance criteria are relative m 
that systems are compared with one another, not via a quantitative measure. example is the 
abiliJof the system to enhance visual operations and situational awareness. Nonetheless, this 
document represents one of the most useful documents found for understanding the operation of 

eachsystem.of parameters of Table 2 were obtained from this document. An 

examnle is RF transmit power. The transmit power for most systems has a range of values, and 
thervalues“ specifically to the radio equipment used for the SF 21 evaluation, but the 
values are still of use in estimating coverage range. Other parameters such as bandwi 
measures, data rate, and qualitative ratings such as complexity were also obtained from his 
document. As with many other reports though, this document contains no experimental test data. 


E Johns Hopkins University Applied Physics Laboratory, UAT Lab Testing: LDPU Radios; 
Results 


This document (8] is a short presentation from Johns Hopkins University s Applied 
Physics Laboratory. A summary of some test results for two UAT transceivers is given. The test 
results provided are sample results from laboratory testing in the presence of noise and 
llrf^rence. These results are some of the most useful results we have found; they could form a 
portion of an in-depth report on the UAT system, as they contain measured values of such 
characteristics as message error rate vs. SNR and SIR. 
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F. Johns Hopkins University Applied Physics Laboratory, 1090 Receiver Testing: LDPU 

This document [9] is another short presentation from Johns Hopkins University’s Applied 
Physics Laboratory. As in the document in subsection E above, this is also a summary of some 
test results for MSSq transceivers. The test results are sample results from laboratory testing in 
the presence of noise and interference, and as with the UAT results, could form a portion of an 
in-depth report on the MSSq system. 


G. FAA NAS 4.0 Architecture Description 

The FAA’s NAS Architecture Description report [10] is a broad overview of the 
requirements and desires for the future National Airspace System (NAS). Its focus is not only 
communications, but also navigation, surveillance, avionics, traffic flow management, flight 
services, infrastructure management, and equipment modernization. It is thus not a source from 
which detailed information regarding communication technologies will be obtained. 

Its description of the communication system evolution is pertinent to the evaluation of 
candidate aviation weather datalinks. The document provides useful information regarding the 
planned dates of the various communications upgrades, and how future communication services 

will work together. 


H. RTCA SC 195 Minimum Aviation System Performance Standards (MASPS) for Flight 
Information Services— Broadcast (FIS-B) Datalink 

This document [11] is a draft standard that contains requirements for broadcast flight 
information services (FIS-B). It provides a set of requirements against which the candidate link 
systems can be measured, at the DLC sublayer. No physical layer requirements are included. 
Also included are recommended standards for the airborne processing and display of FIS-B 
information, and procedures for performance requirement verification. 


/. Capstone Proposed Initial Draft Standard for UAT 

This draft standard [12] provides a good description of the operational principles behind 
the UAT system. It gives a modest amount of information on the physical layer parameters of 
the UAT waveform and signaling scheme. Some of this information is also contained in the Safe 
Flight 21 ADS-B Link Evaluation Report [7]. As with that report, some PHY parameters are 
specified, and this draft standard could thus be of some use in completing a table similar to 

Table 2. 


J. DRAFT of Manual on Detailed Technical Specifications for the VDL Mode 4 Datalink 

This draft specification [13] provides mostly DLC and MAC layer descriptions for the 
VDLM4 system. In addition, VDLM4 uses two additional sublayers in layer 2: the VDLM4 
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specific Services (VSS) sublayer, which provides communications using a flexible burst format 
and associated transmission and reservation protocols over the MAC sublayer, and the Lir^ 
Management Entity (LME), which establishes and maintains connections. The DEC sublayer is 
also modified to be a datalink services (DLS) layer. No physical layer information is presented. 
The draft specification may be useful for evaluating the layer two design of VDLM4 when the 
layer one evaluation is complete. 


K. VDL Mode 4 Validation Report 

This report [14] is a fairly high-level description of the activities in the VDLM4 Validation 
Subgroup of AMCP. It provides information regarding the validation of various VDLM4 
functions and requirements, and the AMCP schedule. 


L. VDL Mode 4 System Description 

This set of documents [15] contains a description of the VDLM4 systern, for use in the 
SF 21 ADS-B link evaluation. Most of the material is the same as that contained in the Safe 
Flight 21 ADS-B Link Evaluation Report [7]. 


M. Test Results of the Aviation Data System Innovations (ADSI) LLC VDL Mode 4 Equipment 
for ADS-B Applications in the Upper VOR Band 

This report contains the test results of the Aviation Data System Innovations (ADSI) Limited 
Liability Company VDL Mode 4 Equipment as tested at Ohio University Avionics Engineering 
Center. The purpose of the tests was to provide spectral compatibility data to assess the 
feasibility of frequency assignments; in particular, the tests aimed to ascertain the suitability of 
assigning VDLM4 ADS-B services to the upper VHF Omnirange (112 - 117.95 MHz) band. 
The test results include sample transmit spectra, receiver sensitivities, and performance tests in 
the presence of adjacent and co-channel interference. Thus, these results could form a portion of 
an in-depth report on the VDLM4 system. 


IV. Performance Parameters for Evaluation 

In Table 5, we present the set of performance parameters we propose for evaluation. The 
table is an expanded version of Table 3, but the number of parameters we denote as measurable 
is smaller than the number in Table 3. For clarity, the table rows that describe parameters or 
characteristics that are NOT measurable are shaded; the rows that describe parameters or 
characteristics that ARE measurable are left unshaded. We have also added a column with 
heading “Analyzable?” This designation refers to whether or not the quantity or characteristic m 
question can be derived from theoretical results, simulations/emulations, or other measured 
quantities. Note that entries in the “Comments” column are different from those in the 
corresponding location in Table 3. 
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Table 5. Current Version of Performance Parameter Set. 
Paraineter or Qualitative Layer Measurable? Analyzable? 

Characteristic (L) or (Y/N) (Y/N) 

Quantitative 































V. Summary 

In this report, we have described the results of our investigation into the characteristics of 
several datalink systems under consideration for use in the dissemination of weather information. 
This investigation was denoted Task 1 of the project entitled Weather Datalink Research, grant 
NAG3-2385. The goals of Task 1 were twofold: to investigate both the use of existing data and 
reports for system evaluation and, the generation of a performance parameter list for use in 
comparative system evaluations. 

We found that the data that exists on the systems is incomplete and inadequate to perform 
a detailed assessment of the physical layer characteristics of the systems. The performance 
parameter list in its latest form is shown in Table 5. It will be updated as needed in the future 
based upon additional investigations, some of which will be experimental testing (Task 2 of this 
same project, and possibly future testing). What little usable data that exists comes from JHU- 
APL and their laboratory testing of ADS-B system candidates. This testing was made on only a 
few prototype units and thus may not represent a good statistical characterization. 

This investigation revealed a significant gap in the description of all the systems: the lack 
of explicit physical layer characterizations via analysis, simulation, and testing. The physical 
layer characterizations that we did find were cursory and aimed primarily at providing inputs to 
higher layer simulations and analyses. No information on how the systems perform in 
comparison to theoretical expectations was found. (Note: indications of performance for some 
systems may lie in MOPS/MASPS as performance specifications, but even these indications will 
be incomplete, e.g., BER will often be specified at only one or two values of SNR instead of over 
a large range of SNR values.) Comparisons with theoretical results are of use in judging the 
soundness of the engineering implementations and also in lending insight into system operation. 
No information on simulated performance characteristics of the systems was found, but some of 
this is still being sought, as what exists appears to be proprietary. 

As an example of an omission, one performance parameter that is essentially 
uncharacterized is the system performance (BER, MER) in the presence of multipath distortion. 
While this signaling impairment is mostly negligible for enroute high-altitude transmissions 
(except at low elevation angles), it can present a significant degradation to performance for other 
phases of flight (takeoff/landing), and while aircraft are in the terminal area on the ground. The 
neglect of this impairment was noted by the ADS-B link evaluation team as an area for future 
work [7]. Multipath characterization by this group will be very limited, due to time, budget, and 
equipment limitations [16]. 

Despite these concerns with the reports and data reviewed, considerable insight into 
candidate system operation was obtained from this investigation. It can also be stated that the 
system operational concepts are fairly mature, and that the waveform ( signal-in-space ) designs 
are fairly traditional, and hence can be expected to lead to reliable links provided 
implementations are sound. 

Future work that should be considered is described as follows: 

1 . Evaluation of the large number of system requirements for weather disseminafion. This 
could constitute a review of the work in [2], as well as an independent review of the 
resources used in this work. Translating the high-level requirements into lower level datalink 
requirements could prove the biggest (but most important) challenge. 

2. Completion of a table similar to Table 2 for the remaining systems listed in Table 1 as “NOT 
evaluated in this report” 
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3. Completion of a table similar to Table 3/Table 5 for each candidate system. This would 
likely require more than a table for each system, ideally as much as an in-depth report on 
each system. The report would consist of a system description; analytical, simulation, and 
experimental characterization at the physical layer; and inputs for future analyses and 
simulations (e.g., for datalink and higher layers), as well as recommendations regarding 
system suitability for weather dissemination. 

4. Investigation of the “unmeasurable” system parameters/characteristics in Table 5. As with 
item 3 above, a thorough investigation could lead to detailed analysis and simulations. One 
aim here would be to “close the loop” and provide a consistency check on the other 
performance parameters. As an example, if the SNR required for good performance (in 
terms of low probability of message error) is less than that required for system 
synchronization, one of these characterizations must be in error. 
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Appendix A: List of Relevant Contacts/Subject Matter Experts 


UAT 

Chris Moody, MITRE 
Rob Strain, MITRE 

Emmitt Griffith, UPS Aviation Technologies 
Elmer Webster, FAA, Capstone Systems Engineer 

VDLM4 

Steve Heppe, ADSI 

Johnny Nilsson, Swedavia (Swedish CAA) 

Armin Schlereth, DFS 

MSSq 

Jonathan Bemays, MIT Lincoln Laboratory 
VDLM2 

Vic Nagowski, ARINC 
Doug Blythe, ARINC 
Mike Marek, ARINC 

Other 

Ray Yuan, JHU-APL 
Kevin Parker, JHU-APL 
Ann Tedford, FAA/ASD 
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